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Abstract
Purpose
To evaluate interobserver agreement for the detection of spectral-domain optical coherence
tomography (SDOCT) features of diabetic macular edema (DME).
Method
Cross-sectional study in which 2 retinal specialists evaluated SDOCT scans from eyes re-
ceiving treatment for DME. Scans from 50 eyes with DME of 39 patients were graded for
features of DME including intra-retinal fluid (IRF), diffuse retinal oedema (DRE), hyper-re-
flective foci (HRF), subretinal fluid (SRF), macular fluid and vitreomacular traction (VMT).
Features were graded as present or absent at zones involving the fovea, 1mm from the
fovea and the whole scan of 49 line scans. Analysis was performed using cross-tabulations
for percentage concordance and kappa values (κ).
Results
In the 2950 line scans analysed, there was an increase in percentage concordance for DRE
and HRF whenmoving from a foveal line scan, 1mm zone and then to a whole scan analysis
(88% vs 94% vs 96%) and (88% vs 94% vs 94%) respectively with κ ranging from substantial
to almost perfect. Percentage concordance for SRF was 96% at all 3 regions analysed, whilst
IRF was 96% at fovea and 98% at higher number of line-scans analysed. Concordance for
MF was 100% at fovea and 98% at 1mm zone and whole scan with almost perfect and sub-
stantial κ respectively. κ agreement was substantial for VMT at all regions analysed.
Conclusion
We report a high level of interobserver agreement in the detection of SDOCT features of
DME. This finding is important as detection of macular fluid is used to guide retreatment
with anti-angiogenic agents.
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Introduction
Optical coherence tomography (OCT) imaging has become an essential tool in assessing macu-
lar structure. OCT imaging is a rapid, non-invasive imaging modality which uses reflectivity of
low coherence light to produce 3 dimensional images of macular structure and is the optical
analogue of ultrasound. The technology has undergone rapid development over the past 10
years and the latest spectral-domain OCT (SDOCT) devices are much faster than older time-
domain OCT technology permitting more sampling of the macula with reduction in
scan times.
The recent and rapid development in retinal imaging has been paralleled by equally impres-
sive improvements in treatments for patients with macular disease. One example of this is in
the treatment of diabetic macular edema (DME) where anti-angiogenic agents which block
vascular endothelial growth factor (anti-VEGF agents) delivered by intravitreous injection
have shown greater efficacy than conventional macular laser in improving vision in eyes with
DME.[1,2]
One of the challenges of treatment is in individualising therapy based on signs of DME dis-
ease activity. New treatment paradigms therefore rely on using OCT imaging to guide retreat-
ment with anti-VEGF agents after an initial loading phase of treatment when intravitreous
injections are given on a regular basis. Assessment of disease activity in DME using OCT imag-
ing relies on using quantitative information about retinal thickness and qualitative information
about abnormalities of retinal morphology (typically hyporeflective areas in or below the neu-
rosensory retina suggesting macular fluid) to guide retreatment with anti-VEGF agents. How-
ever, changes in macular thickness on OCT can arise from test-retest variability and
disagreement over the presence or absence of abnormalities of retinal morphology on OCT im-
aging can result from inter-observer variability. In previous work we evaluated the repeatability
of quantitative SDOCT measures of retinal thickness in patients with DME [3]. In this work we
investigate the interobserver variability in interpreting retinal morphological abnormalities on
SDOCT images in eyes with DME undergoing treatment. Understanding inter-observer vari-
ability is important as disagreements between clinicians in interpreting SDOCT scans in pa-
tient receiving anti-VEGF treatment for DME can lead to variability in retreatment decisions,
potentially leading to variability in treatment outcomes and variability in the real-world cost-
effectiveness of the therapeutic agent. This is also given added importance with the significant
costs of delivering care to patients with diabetic macular edema [4] and the prevalence of DME
across the world from the Americas through to Asia.[5,6]
Methodology
All SDOCT imaging was performed using the Spectralis OCT device (Heidelberg Engineering,
Heidelberg, Germany), which has a theoretical axial resolution of 3 microns and allows real-
time line scan averaging using eye tracking capability (“automatic real-time”; ART mode) to
improve the signal-to-noise ratio in line scans.
Patients
SD-OCT scans acquired using the Spectralis OCT in eyes of consecutive patients with centre
involving DME and had undergone previous treatment, either laser or anti-VEGF injections in
a 8 month period (from 7 March 2012 to 20 November 2012) as part of a clinical trial (LUCI-
DATE or OZLASE) in the Clinical Research Facility at Moorfields Eye Hospital were identified
by searching the Heidelberg Explorer image database. The participants provided their written
consent for the study as part of the consent of the LUCIDATE or OZLASE trial they participat-
ed in. The local IRB- Moorfields Eye Hospital Research Management Committee approved
OCT in DME
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this consent procedure. Approval for the collection and analysis of OCT images was obtained
from the Research Governance Committee of Moorfields Eye Hospital and by the appropriate
Steering Committees of clinical trials where relevant. The research followed the tenets of the
Declaration of Helsinki.
Patients underwent imaging performed after visual acuity measurement and pupil dilation
with one drop of 2.5% phenylephrine hydrochloride and 1% tropicamide. All patients had
given consent to OCT imaging as part of clinical trial involvement.
Image Acquisition and Scanning Protocol
All OCT scanning was performed by experienced ophthalmic technicians with certification for
clinical trials work adhering to a standardized imaging protocol with defined OCT parameters
which include a high speed resolution mode, automatic real time (ART) mode20, with a
scan pattern of 49 scans, 30°, 120μ separation and centred on the anatomical fovea.
Assessment of Interobserver Agreement in Determining Features of
Disease Activity
Two experienced retinal specialists certified as investigators in retina clinical trials involving
OCT-based retreatment decisions (HLZ and MP) independently analysed line scans for the
presence or absence of intraretinal fluid (IRF), diffuse retinal oedema (DRE), sub retinal fluid
(SRF), macular fluid (MF), hyper-reflective foci (HRF) and vitreomacular traction (VMT)
using standardized definitions (Table 1, Fig 1). These definitions were applied in a qualitative
manner without reference to standard images. This was a deliberate effort to minimize stan-
dardization between the two observers, ensuring the results would be more translatable to clini-
cal practice and investigator-determined retreatment decisions in DME clinical trials.
Analysis was carried out for the foveal line scan (defined as the scan with the deepest depres-
sion in the centre of the scan, or otherwise scan number 25, the middle scan, if depression not
present) and for a central 1 mm zone defined by 4 line scans above and 4 line scans below the
foveal line scan) and for the whole volume scan (all 49 line scans included in the analysis). In
all, 59 scans were analysed per patient and a total of 2950 line scans were analysed this series.
Fig 2D demonstrates an example of a single foveal line scan with the deepest depression in the
centre of the scan. Scans were analysed by viewing images on a standard computer monitor dis-
play using Heidelberg Explorer software version 5.7.4 with Spectralis OCT images database
with no further image processing.
Table 1. Definition of OCT Features of Diabetic Macular Edema (Fig 1).
OCT
Feature
Description
IRF Areas of low reﬂectivity in the intraretinal space
SRF Area of low reﬂectivity in the sub retinal space
DRE Sponge-like thickening resulting in increased retinal thickness with areas of reduced retinal
reﬂectivity compared with retina without thickening
MF Either IRF, SRF or DRE present
HRF Foci of high reﬂectivity in intra-retinal space
VMT Hyper-reﬂective line showing attachment to the inner retinal boundary (vitreo-macular
interface) with distortion of the retinal surface
IRF, intraretinal ﬂuid; SRF, subretinal ﬂuid; DRE, diffuse retinal edema; MF, macular ﬂuid; HRF, hyper-
reﬂective foci; VMT, vitreomacular traction
doi:10.1371/journal.pone.0126557.t001
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The prevalence of each feature (presence of the feature by either observers) was reported.
Paired gradings from the two observers were compared using cross-tabulations, percentages of
agreement/disagreement, and the kappa statistic (κ, a measure of concordance adjusting for
chance agreement). The κ statistic was interpreted in line with the ranges suggested by Landis
and Koch<0, poor agreement; 0 to 0.20, slight agreement; 0.21 to 0.40, fair agreement; 0.41 to
0.60, moderate agreement; 0.61 to 0.80, substantial agreement; and>0.80, almost perfect agree-
ment. For features with extremely low or high prevalence, the κ statistic is unstable and difficult
to interpret. Analysis was performed by presence of absence of feature in the different pre-de-
fined zones as mentioned above. Analysis was performed on a per eye basis by combining ob-
servations made on line scans from each eye for the central 1 mm area and the whole scan
however results for the foveal scan represented analysis of a single line scan.
Results
In total SDOCT scans from 50 eyes undergoing treatment for DME from 39 patients were
identified for inclusion in this analysis. There were 6 females and 13 were Caucasian with a
mean age (± SD) of 66 years (±10 years). A total of 2950 individual lines scans were analysed
and the mean visual acuity using ETDRS (Early Treatment Diabetic Retinopathy Study) letter
score was 69 letters (±8 letters) with a mean central macular thickness of 349μm (±75μm). Re-
sults are reported for 3 clinically relevant OCT regions: 1 for the foveal line scan 2. For a central
1 mm zone and 3 For the entire volume scan.
Fig 1. A single scan with macular fluid and Diffuse Retina Edema. Arrows points to the following features: a) Vitreomacular traction (VMT), b) Intraretinal
Fluid (IRF); c) Subretinal Fluid (SRF), d) Hyper-reflective Foci (HRF).
doi:10.1371/journal.pone.0126557.g001
OCT in DME
PLOSONE | DOI:10.1371/journal.pone.0126557 May 21, 2015 4 / 8
The prevalence of SDOCT features of DME detected by both graders is shown in Table 2.
There is increasing prevalence of each feature as the number of line scans analysed increased.
Percentage concordance and kappa values at the fovea, 1mm zone and entire scan analysis
are shown in Tables 2, 3 and 4 respectively. Examples of disagreement are shown in Fig 2. The
percentage concordance for SRF remained the same at fovea, 1mm zone and whole scan (96%)
and kappa values were substantial (k = 0.648) for SRF in all scans analysed. For analysis of IRF,
the percentage concordance was 96%at fovea scans and increased to 98% in the 1mm-zone and
whole scan analysis, with substantial to almost perfect kappa values at all 3 regions analysed.
The percentage concordance for DRE increased from 88% at fovea to 94% at 1mm zone
scans and 96% for all scans analysed, whilst the percentage concordance for HRF increased
from 88% at fovea to 94% at 1mm zones and all scans.
Table 2. Percentage Agreement and Kappa (κ) Statistic for Each SDOCT Feature of DME for the Foveal
Line Scan.
Feature Percentage Concordance and Kappa
Feature % Κ
IRF 96 0.811
DRE 88 0.737
SRF 96 0.648
MF 100 1.00
HRF 88 0.440
VMT 94 0.765
doi:10.1371/journal.pone.0126557.t002
Fig 2. (a-d) Optical coherence tomography images which demonstrate the disparity of assessments between the 2 graders. (a) foveal line scan, with
disagreement on presence of Subretinal Fluid (SRF). (b-c) scans from 1mm zone which demonstrates disagreement on presence or absence of Diffuse
Retinal Edema (DRE). Both graders agreed Macular Fluid [1] was present. (d) fovea line scan which graders disagreed on presence or absence of Macular
Fluid.
doi:10.1371/journal.pone.0126557.g002
OCT in DME
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Percentage concordance decreased for MF from 100% at fovea to 98% at 1mm zone scans
and whole scans with corresponding kappa values of perfect and substantial kappa values re-
spectively (k = 1.00 and k = 0.658). A decrease in percentage concordance was also noted for
VMT from 94% at fovea to 90% at 1mm zone and whole scans, kappa values remained as sub-
stantial (k = 0.765 and k = 0.767 respectively.)
Discussion
The introduction of OCT imaging into clinical practice has seen rapid and unprecedented
changes in the way we assess patients with macular disease. The arrival of effective treatments
delivered through intravitreous injections to treat macular disease has paralleled these advances
in retinal imaging. In an effort to reduce the treatment burden for patients, treatment para-
digms with anti-angiogenic agents such as ranibizumab involve an initiation phase of treat-
ment but then further intravitreous injections are given based on signs of disease activity or
progression. One of the key determinants of disease activity is the presence of morphological
abnormalities of the retina detected on OCT imaging. As the need for further intravitreous in-
jections can often depend on the interpretation of OCT scans, it is important to understand
and explore inter-observer agreement in the detection of morphological abnormalities in OCT
scans in eyes with DME undergoing treatment. Variability in the detection of macular fluid on
OCT imaging can lead to variability in retreatment decisions and therefore lead to variability
in treatment outcomes in clinical practice.
In this work we report high rates of agreement in the detection of OCT based morphological
abnormalities associated with DME in patients undergoing treatment using SDOCT (Spectralis
OCT). Furthermore, agreement for the detection of abnormalities is increased when findings
Table 3. Percentage Agreement and Kappa (κ) Statistic for Each SDOCT Feature of DME for the Cen-
tral 1mm zone.
Feature Percentage Concordance and Kappa
Feature % Κ
IRF 98 0.658
DRE 94 0.879
SRF 96 0.648
MF 98 0.658
HRF 96 0.485
VMT 90 0.767
doi:10.1371/journal.pone.0126557.t003
Table 4. Percentage Agreement and Kappa (κ) Statistic for Each SDOCT Feature of DME for the Entire
Scan.
Feature Percentage Concordance and Kappa
Feature % Κ
IRF 98 0.658
DRE 96 0.919
SRF 96 0.648
MF 98 0.658
HRF 96 0.485
VMT 90 0.767
doi:10.1371/journal.pone.0126557.t004
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from a larger number of OCT line scans (sampling a larger area of the macular) are pooled or
summed. Of the six OCT features evaluated, it was noted that HRF had a low kappa and com-
paratively poor concordance in all the scans analysed. A reason accounting for this could be
due to poor differentiation between artefact and true hyper-reflective foci, especially in cases
where there may be minimal macular fluid (Fig 2D). DRE was also noted to have a poor con-
cordance at a single foveal line scan, but increased with larger number of scans. This could be
due to difficulties in recognizing ‘spongiform’ type patterns of fluid versus cystic patterns using
only a single scan. Based on the results, it appears that IRF, SRF and MF are the most consistent
features recognized across different type and number of scans analysed.
In the results, it was also noted that for HRF in all types of scans analysed (foveal, 1 mm,
and whole volume scans), there was high inter-grader reliability but only slight agreement in
kappa values (Tables 2, 3 and 4). This discrepancy has been noted and commented on in other
work and is thought to arise because of the dependence of the k statistic on the prevalence of
the feature being studied: very high or low prevalence of a particular feature may therefore give
rise to a low k value despite a high percentage concordance[7–9].
Recent clinical trials using intravitreous ranibizumab or bevacizumab for the treatment of
DME have relied on non-continuous dosing using OCT imaging to detect signs of DME. These
OCT features of morphological abnormalities include IRF, SRF and DRE.[10,11]. In the DRCR
study, READ, RESOLVE, BOLT studies, after the initiation phase, the retreatment criteria are
driven by VA and/or OCT detection of progression of disease. For instance, the DRCR.net pro-
tocol I study based retreatment criteria on investigator’s interpretation of morphological ab-
normalities on OCT images. This may lead to variability in retreatment decisions, potentially
compromising long-term vision outcomes.[12] To the best of our knowledge, despite these
OCT based retreatment paradigms there have been no studies reporting the interobserver
agreement in interpreting SDOCT based morphological abnormalities in DME. In previous
work, we reported good but not perfect agreement in detecting morphological abnormalities of
the retina in time-domain OCT scans of eyes receiving treatment for neovascular age-related
macular degeneration[13]. Several other studies have also found good reproducibility and re-
peatability of OCT derived macular thickness measurements in eyes with DME using the Spec-
tralis OCT [14–16].
The strengths of this study include the large number of OCT line scans analyzed and that
the study was carried out in a clinical setting. Though this latter aspect of the study could be
perceived as a weakness when compared to interobserver agreement studies in a reading center,
the results from our study are more generalizable to clinical practice. The weakness of our
study is that eyes were at different stages of treatment and it may be beneficial to consider inter-
preting scans from eyes which had received a standardized amount of treatment or follow-up
(eg analyzing scans from eyes receiving one year of follow-up and treatment)
In summary, the results of this study suggest that there is good agreement between observers
when interpreting retinal morphological abnormalities in OCT imaging at both single line
scans and combination of multiple scans in eyes of patients receiving treatment for DME. As
OCT imaging is used to help determine the need for retreatment with pharmcotherapies such
as ranibizumab, it is important to confirm that interpretation of OCT features of DME disease
activity is not subject to significant interobserver variability.
Author Contributions
Conceived and designed the experiments: LZHMP PH PJP. Performed the experiments: LZH
MP. Analyzed the data: LZHMP PH PJP. Contributed reagents/materials/analysis tools: LZH
MP PH PJP. Wrote the paper: LZHMP PH PJP.
OCT in DME
PLOSONE | DOI:10.1371/journal.pone.0126557 May 21, 2015 7 / 8
References
1. Michaelides M, Kaines A, Hamilton RD, Fraser-Bell S, Rajendram R, Quhill F, et al. A prospective ran-
domized trial of intravitreal bevacizumab or laser therapy in the management of diabetic macular
edema (BOLT study) 12-month data: report 2. Ophthalmology, 2010. 117(6): p. 1078–1086 e2. doi: 10.
1016/j.ophtha.2010.03.045 PMID: 20416952
2. Nguyen QD, Shah SM, Khwaja AA, Channa R, Hatef E, Do DV, et al. Two-year outcomes of the ranibi-
zumab for edema of the macula in diabetes (READ-2) study. Ophthalmology, 2010. 117(11): p. 2146–
51. doi: 10.1016/j.ophtha.2010.08.016 PMID: 20855114
3. Comyn O, Heng LZ, Ikeji F, Bibi K, Hykin PG, Bainbridge JW, et al. Repeatability of Spectralis OCT
measurements of macular thickness and volume in diabetic macular edema. Investigative ophthalmolo-
gy & visual science, 2012. 53(12): p. 7754–9.
4. Minassian DC, Owens DR, Reidy A. Prevalence of diabetic macular oedema and related health and so-
cial care resource use in England. The British journal of ophthalmology, 2012. 96(3): p. 345–9. doi: 10.
1136/bjo.2011.204040 PMID: 21602478
5. Varma R, Bressler NM, Doan QV, Gleeson M, Danese M, Bower JK, et al. Prevalence of and risk fac-
tors for diabetic macular edema in the United States. JAMA ophthalmology, 2014. 132(11): p. 1334–
40. doi: 10.1001/jamaophthalmol.2014.2854 PMID: 25125075
6. Wang FH, Liang YB, Zhang F, Wang JJ, Wei WB, Tao QS, et al. Prevalence of diabetic retinopathy in
rural China: the Handan Eye Study. Ophthalmology, 2009. 116(3): p. 461–7. doi: 10.1016/j.ophtha.
2008.10.003 PMID: 19168222
7. Feinstein AR, Cicchetti DV. High agreement but low kappa: I. The problems of two paradoxes. Journal
of clinical epidemiology, 1990. 43(6): p. 543–9. PMID: 2348207
8. Lantz CA,Nebenzahl E. Behavior and interpretation of the kappa statistic: resolution of the two para-
doxes. Journal of clinical epidemiology, 1996. 49(4): p. 431–4. PMID: 8621993
9. Viera AJ, Garrett JM. Understanding interobserver agreement: the kappa statistic. Family medicine,
2005. 37(5): p. 360–3. PMID: 15883903
10. Baskin DE. Optical coherence tomography in diabetic macular edema. Current opinion in ophthalmolo-
gy, 2010. 21(3): p. 172–7. doi: 10.1097/ICU.0b013e32833866ae PMID: 20224402
11. Schimel AM, Fisher YL, Flynn HW JR. Optical coherence tomography in the diagnosis and manage-
ment of diabetic macular edema: time-domain versus spectral-domain. Ophthalmic surgery, lasers &
imaging: the official journal of the International Society for Imaging in the Eye, 2011. 42 Suppl: p. S41–
55.
12. Aiello LP, Beck RW, Bressler NM, Browning DJ, Chalam KV, Davis M, et al. Rationale for the diabetic
retinopathy clinical research network treatment protocol for center-involved diabetic macular edema.
Ophthalmology, 2011. 118(12): p. e5–14. doi: 10.1016/j.ophtha.2011.09.058 PMID: 22136692
13. Patel PJ, Browning AC, Chen FK, Da Cruz L, Tufail A. Interobserver agreement for the detection of opti-
cal coherence tomography features of neovascular age-related macular degeneration. Investigative
ophthalmology & visual science, 2009. 50(11): p. 5405–10.
14. Fiore T, Androudi S, Iaccheri B, Lupidi M, Giansanti F, Fruttini D, et al. Repeatability and reproducibility
of retinal thickness measurements in diabetic patients with spectral domain optical coherence tomogra-
phy. Current eye research, 2013. 38(6): p. 674–9. doi: 10.3109/02713683.2013.781191 PMID:
23520977
15. Sohn EH, Chen JJ, Lee K, Niemeijer M, Sonka M, Abràmoff MD. Reproducibility of diabetic macular
edema estimates from SD-OCT is affected by the choice of image analysis algorithm. Investigative oph-
thalmology & visual science, 2013. 54(6): p. 4184–8.
16. Bressler SB, Edwards AR, Chalam KV, Bressler NM, Glassman AR, Jaffe GJ, et al. Reproducibility of
spectral-domain optical coherence tomography retinal thickness measurements and conversion to
equivalent time-domain metrics in diabetic macular edema. JAMA ophthalmology, 2014. 132(9): p.
1113–22. doi: 10.1001/jamaophthalmol.2014.1698 PMID: 25058482
OCT in DME
PLOSONE | DOI:10.1371/journal.pone.0126557 May 21, 2015 8 / 8
